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INTRODUCTION
 Photorefractive keratectomy (PRK) was 
introduced in the late 1980s, and is the oldest 
method of surface ablation by Excimer.1-4 Among 
the most important Complications that are listed 
for PRK Corneal haze and myopic postoperative 
regression can be referred to.5-7 Many studies have 
investigated the results of PRK and introduced this 
procedure as safe, effective, and predictable method 
to correct myopia.6,8-9
 Most studies, especially in cases that used 
Mitomycin C after surgery, short-term results are 
investigated and only few studies have examined 
long-term results of PRK surgery by using 
Mitomycin C. On the other hand, there are no long-
term studies that have investigated the results of this 
surgery using the Allegretto Wave Eye-Q 400-Hz 
excimer laser platform (Wave-Light AG, Erlangen, 
Germany). The new generation of excimer laser 
system that presumed to omit 4th order aberrations 
induced by excimer laser ablation by taking some 
eye variables into account and using pre-planned 
ablation profiles.10,11 In our study, the results of 
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ABSTRACT
Objective: To evaluate the results of photorefractive keratectomy (PRK) with mitomycin C in myopia 
correction after five years.
Methods: This is a  cross sectional study which included 145 eyes of 74 patients in 18 to 51 years age 
group that were undergoing Photorefractive keratectomy with mitomycin C using Allegretto Wave Eye-Q 
400-Hz excimer laser platform in Markazi Eye Center, Tehran, Iran. All  the surgical procedures were 
performed by the same surgeon. After five years follow-up evaluation including BCVA, UCVA, Refractive 
error measurement and external eye examination was performed.
Results: The mean diopter of spherical equivalent before surgery was -3.40±1.73. The following findings 
were obtained after 5 years follow up visit: The mean spherical equivalent value: -0.08±0.40, the mean 
Log MARUCVA: 0.02±0.07, the mean Log MAR BCVA: 0.00±0.04.
Conclusion: PRK is an effective, safe and predictable method used to correct myopia. The wave front-
optimized algorithm of the Allegretto Wave Eye-Q 400-Hz excimer laser platform demonstrated good 
refractive and visual results. Presence of variables such as gender, age and astigmatism before operation 
have no significant impact on the result of this operation.
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PRK with mitomycin C have been investigated 
by Allegretto Wave Eye-Q 400-Hz excimer laser 
platform after five years.
METHODS
 One hundred sixteen patients were operated by 
a surgeon between October 2007 to February 2009 
in Markazi Eye Center,  Tehran, Iran. Finally from 
these patients 145 eyes of 74 patients (25 males and 
49 females) were examined five years after the date 
of surgery.
 Inclusion criteria for surgery were minimum 18 
and maximum age of 40 years, and stable refraction 
for one year. Patients have been wearing lenses for 
two weeks before the operation. Patients who did 
not have prohibition of surgery, after completing 
consent form using wave front-optimized algorithm 
of the Allegretto Wave Eye-Q 400-Hz excimer laser 
platform (Wave-Light AG, Erlangen, Germany) 
underwent surgery by a surgeon.
 Optical zone was chosen based on the amount of 
refractive error, patient age, and corneal thickness 
as 6.00 and 6.50 mm. before surgery tetracaine 
hydrochloride 0.5% eye drops was applied for 
topical anesthesia. Corneal epithelium was 
removed by alcohol (20%) and using a hockey 
knife. At this stage, The Excimer Laser was emitted 
to surface of Bowman’s membrane and the anterior 
stroma, and then Mitomycin C solution based on 
the amount of refractive error was put on the eye 
and finally washed with sterile water and the band 
aged contact lens was put on the eye for five days. 
All patients received Chloramphenicol 0.5% and 
betamethasone 0.1% after surgery for five days. 
Betamethasone 0.1% was used four times a day for 
one times and then three times a day for another 
month. Patients were examined two days, five days, 
one month and two months after surgery.
Preoperative & Postoperative Examinations: All 
examinations were performed before and after the 
operation by one person. Preoperative examination 
included measurement of maximum uncorrected 
visual acuity (UCVA) and maximum visual acuity 
using the best corrected visual acuity with the best 
optical correction (BCVA) using Chart Projector 
model ACP-31 manufactured by TOPCON, 
subjective and cycoplegic refraction, pachymetry 
by Quantel medical device model Pocket 11, 
investigation of characteristics of the cornea by 
Orbscan ║ device Manufactured by Baush and Lomb 
company, slit Lamp examination and evaluation of 
the retina. Five years after the operation the patients 
were called and invited to participate in the project 
and various tests including measurement of UCVA 
and BCVA using projector chart model ACP-31 
manufactured by TOPCON company, subjective 
and cycoplegic refraction, Slit Lamp examination 
and retinal examinations were performed.
 Finally the data of visual acuity of the Snellen 
fraction was converted to its equivalent in logMAR 
system. Variables were compared based on the 
presence or absence of at least 0.50 diopters of 
astigmatism, gender and age (two groups less and 
equal to 25 years at operation time and above 25 
years at operation time).
Statistical Analysis: Data analysis was performed 
Using SPSS-18 software. For comparing the data 
before and after operation in normal data Paired 
T-Test was used and for comparison among groups 
in normal data T-Test for two independent samples 
was used. And for non-normal data Mann-whitney 
U test was used. All statistical tests were performed 
at α = 0.05 level of error.
RESULTS
 The mean age of 49 women and 25 men who 
had completed their examination was 29.47±7.1 
(range 18 to 51 years old) at the time of surgery. The 
mean refractive spherical equivalent (SE) before 
surgery was -3.40±1.73 Diopters (range-0.63 to -9.25 
Diopter) and mean LogMAR BCVA before surgery 
was 0.027±0.09 (range of 0.00to0.46). (Table-I)
Table-I: Preoperative characteristics 
for study Group.
Characteristics No.
No. of eyes 145
Age at time of surgery 29.47±7.10
LogMAR BCVA 0.027±0.09
Sphere (D) -2.97±1.69
Cylinder (D) -0.85±0.86
Spherical equivalent (D) -3.40±1.73
Fig.1: Spherical equivalent. Percentage of eyes attaining 
specified level of spherical equivalent 5 years after surgery.
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Refraction: Mean of refractive spherical equivalent 
from -3.40 diopters before operation got to -0.08±0.4 
diopters 5 years after operation (in the range of 
-1.25 to 1.75 diopters) (Fig.1) (Table-II).
 Presence of astigmatism before operation and 
age did not affect postoperative refractive error. 
But statistically there was a significant difference 
between two groups of men and women (Pv = 0.05) 
(Fig.2).
Visual Acuity: After five years, the mean Log 
MAR UCVA was 0.02±0.07. Also, 126 eyes (82.2%) 
obtained UCVA of 20/20. The 136 eyes (93.8%) 
UCVA of 25/20 or better. Mean Log MAR BCVA 
was 0.00±0.04. In one eye two Snellenlines and in 
another 3 eyes 1 line BCVA decreased. Also, in two 
eyes two lines and in 16 eyes 1 Snellenline BCVA 
increased (Fig.3) (Table-II). Presence of astigmatism 
before operation, gender and age did not affect the 
postoperative UCVA and BCVA.
Complication: Corneal Haze was not observed 
in any of eyes during examinations. All corneas 
examined were clear. Only in one case the amount 
of refractive error was corrected less than expected 
that after two years went under second surgery.
DISCUSSION
 In this study conducted in 2015, mean refractives 
pherical equivalent (SE) before operation was 
-3.40±1.70 diopters (D). In a study conducted by 
Jorge L. Alio in 2007, mean SE before operation 
was -3.81±1.29 D8 which is close to our study. But 
in the study by Shojaei et al in 2007 in Iran, mean 
SE before operation was -6.15±3.50 D.6 Also, in a 
study conducted in 2013 by Anders H. Vestgaard 
et al, mean SE was reported as -4.84±2.95 D,3 which 
have investigated myopia higher than our study. It 
is appropriate to study higher values of myopia in 
examining the results of PRK by Allegretto Wave 
Eye-Q 400-Hz excimer laser platform in future. In 
this study mean SE after operation was obtained as 
-0.08±0.40 D. In the age group less than & equal to 
25 years and more than 25 years, and in both groups 
with a stigmatism and without a stigmatism before 
operation there was no significant difference. But 
there was statistically significant difference between 
men and women that the difference was clinically 
0.09 D which is not noticeable.
 In a study conducted in 2013 by Vasilios F. 
Diakon is et al mean SE in average period of 44.73 
months was reported as -0.27±0.70 D.12 Also, in 
the study conducted by Marco Lombardo in 2010 
mean spherical refractive error 8 years after surgery 
was reported as -0.11±0.50 D,13 that is close to our 
study. In these two studies Mitomycin C was used, 
but in the study done by Vestgaard et al. in 2013, 
mean SE13to 19 years after surgery was reported 
as -1.82±1.95 D.3In another study conducted by 
Norihiko Honda et al in 2004 mean SE 5 years after 
surgery was reported as -1.11±1.12 D.14The mean 
SE value in our study was lower than these two 
studies. Of course it should be mentioned in the 
aforementioned studies, Mitomycin C is not used 
and the devices in them included SVS Apex laser 
system and VISX 20/20, respectively, that are older 
generation compared to the Allegretto Wave Eye-Q 
Table-II: Refractive error, uncorrected visual 
acuity and best corrected visual acuity 
5 years after surgery.
Characteristics No.
No. of eyes 145
LogMARUCVA 0.02±0.07
LogMARBCVA 0.008±0.04
Sphere -0.01±0.39
Cylinder -0.15±0.26
Spherical equivalent -0.08±0.40
Fig.2: Spherical equivalent in Men and Women.
Fig.3: The percentage of eyes that lost or gained 
Snellen lines of visual acuity 5 years after PRK.
Photorefractive keratectomy with Mitomycin-C
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400-Hz excimer laser plat form and this difference 
the results of refractive error can be caused by these 
two issues.
 The mean LogMAR UCVA five year after opera-
tion was 0.025±0.076 and there was no significant 
difference between two groups of men and women 
as well as the age group less than and equal to 25 
years and more than 25 years, and two groups with 
astigmatism and without astigmatism before opera-
tion. In a study by Anders H. Vestgaard et al in 2013 
by SVS Apex laser system without using Mitomi-
cyne C, mean Log MAR UCVA 13 to 19 years after 
surgery was obtained 0.16±0.34 which is more than 
our study.3 In another study by Vasilios F. Diakonis 
et al in 2013 on the Allegretto laser platform 200hz 
using Mitomycin C, mean Log MAR UCVA 44 
months after surgery was reported as 0.04±0.12 that 
is close to our study.12 In this study meanLog MAR 
BCVA five year after operation was 0.008±0.044 and 
there was no significant difference in men and wom-
en groups as well as the age group less than & equal 
to25 years and more than 25 years and two groups 
with or without astigmatism before the operation.
 Study conducted by Anders H. Vestgaard et al 
in 2013, mean LogMAR BCVA after operation was 
reported as -0.08±0.11 that less and close to our 
study.3 By observing various reports in visual acuity 
and similarity of BCVA results after operation, it 
seems that PRK surgery with different devices have 
little impact on BCVA after surgery and less amount 
of UCVA after operation in some studies is just 
because of refractive error and myopic regression 
After operation.
CONCLUSION
 PRK is an effective, safe and predictable method 
used to correct myopia. The wave front-optimized 
algorithm of the Allegretto Wave Eye-Q 400-
Hz excimer laser platform demonstrated good 
refractive and visual results. Presences of variables 
such as gender, age and astigmatism before 
operation have no significant impact on the result 
of this operation. Using Mitomycin C and the new 
generation machines like Allegretto Wave Eye-Q 
400-Hz excimer laser platform has high and positive 
impact on the results of PRK surgery.
ACKNOWLEDGMENT
 This article is the result of an MSc thesis approved 
in the Shahid Beheshti University of Medical 
Sciences, Tehran, Iran.
Grant Support and Financial Disclosures: None.
REFERENCES
1. Taneri S, Weisberg M, Azar DT. Surface ablation techniques. 
J Cataract Refract Surg. 2011;37:392-408. doi: 10.1016/j.
jcrs.2010.11.013.
2. Munnerlyn CR, Koons SJ, Marshall J. Photorefractive 
keratectomy: A technique for laser refractive surgery. J Cataract 
Refract Surg. 1988;14:46-52.
3. Vestergaard AH, Hjortdal J, Ivarsen A, Work K, Grauslund J, 
Sjolie AK. Long-term Outcomes of Photorefractive Keratectomy 
for Low to High Myopia: 13 to 19 Years of Follow-Up. J Refract 
Surg. 2013:29(5):312-319. doi: 10.3928/1081597X-20130415-02.
4. McDonald MB, Frantz JM, Klyce SD, Beuerman RW, Varnell 
R, Munnerlyn CR, et al. Central photorefractive keratectomy 
for myopia: the blind eye study. Arch Ophthalmol. 
1990;108:799-808.
5. Skuta GL, Cantor LB, Weiss JS. Refractive Surgery. 
San Francisco: American academy of ophthalmology. 
2011:PP:43-44.
6. Shojaei A, Mohammad-Rabei H, Eslani M, Elahi B, 
Noorizadeh F. Long-Term Evaluation of Complications & 
Results of Photo refractive Keratectomy in Myopia: An8-
Year Follow-Up. Cornea. 2009:28(3):304–310.doi: 10.1097/
ICO.0b013e3181896767.
7. Labiris G, Gatzioufas Z, Giarmoukakis A, Sideroudi H, 
Kozobolis V. Evaluation of the efficacy of the Allegretto Wave 
and the Wave front-optimized ablation profile in non-anterior 
astigmatisms. Acta Ophthalmologica. 2012:90(6):e442-e446. 
doi: 10.1111/j.1755-3768.2012.02463.x
8. Alio JL, Muftuoglu O, Ortiz D, Artola A, Perez-Santonja JJ, 
de Luna GC, et al. Ten-year follow-up of photorefractive 
keratectomy for myopia of more than 6 diopters. Am J 
Ophthalmol. 2008;145:37–45.
9. Benito-Llopis LD, Alio JL, Ortiz D, Teus MA, Artola A. Ten-
year Follow-up of Excimer Laser Surface Ablation for Myopia 
in Thin Corneas. Am J Ophthalmol. 2009;147(5):768-773. doi: 
10.1016/j.ajo.2008.12.022.
10. Perez-Straziota CE, Randleman JB, Stulting RD. Visual acuity & 
higher-order aberrations with wave front-guided & wave front 
optimized laser in situ keratomileusis. J Cataract Refract Surg. 
2010;36(3):437-441. doi: 10.1016/j.jcrs.2009.09.031.
11. Gambato C1, Catania AG, Vujosevic S, Midena E. Wavefront-
optimized surface ablation with the Allegretto Wave Eye-Q 
excimer laser platform: 12-month visual and refractive results. 
J Refract Surg. 2011 :27(11):792-5.doi: 10.3928/1081597X-
20110407-01.
12. Diakonis V, Kankariya V, Kymionis G, Kounis G, Kontadakis 
G, Gkenos E, et al. Long term followup of photorefractive 
keratectomy with adjuvant use of Mitomycin C. J Ophthalmol. 
2014;2014:821920. doi: 10.1155/2014/821920.
13. Lombardo M, Giuseppe Lombardo G, Ducoli P, Serrao. 
Long-Term Changes of the Anterior Corneal Topography 
after Photorefractive Keratectomy for Myopia & Myopic 
Astigmatism. Invest Ophthalmol Vis Sci. 2011:52(9):6994-7000. 
doi: 10.1167/iovs.10-7052.
14. Honda N, Hamada N, Amano S, Kaji Y, Hiraoka T, Oshika 
T. Five-year follow-up of photorefractive keratectomy for 
myopia. J Refract Surg. 2004:20;(2):116-120.
Authors’ Contributions:
Masih Hashemi & Ali Ayatollahi did data 
collection & manuscript writing.
Mohammad Aghazadeh Amiri did review & final 
approval of manuscript.
Mehdi Taba Tabaee did statistical analysis & 
editing of manuscript.
Masih Hashemi et al.
